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in the Craniocervical Region
ABSTRACT
therapeutic procedure responsible for the injury, i.e. trans-
sphenoidal surgery (TSS), skull base surgery, tumor surgery, 
tracheostomy, central venous catheterization (CVC), speech 
prosthesis device placement procedure. The mechanisms of 
injuries, and procedures were discussed for each type of pro-
cedure. The type of iatrogenic vascular injury mostly depends 
on the type of procedure. Although iatrogenic vascular injuries 
in the craniocervical region are rare, they are usually fatal 
█    INTRODuCTION
Iatrogenic vascular injury in the craniocervical region results from various diagnostic and therapeutic procedures. The objective of this article is to provide an update on the 
mechanism of injury and endovascular management of this 
potentially devastating complication. Iatrogenic vascular 
injuries were categorized according to each diagnostic or 
AIm: To evaluate iatrogenic vascular injuries in the craniocervical region and their endovascular management.  
mATERIAl and mEThODS: Twenty-one patients (9 women, 12 men) with a mean age of 53.6 years (range 16-87 years), who 
underwent endovascular embolization for iatrogenic vascular injury in the craniocervical region between December 2000 and 
October 2015, were included in this retrospective study. Types of iatrogenic injuries, etiologies that caused these injuries and details 
of endovascular managements were reported.    
RESulTS: The etiologies of the vascular injuries were as follows: transsphenoidal surgery (n=9), skull-base surgery (n=2), 
cholesteatoma surgery (n=1), tracheostomy (n=2), central venous catheterization (n=2), oropharyngeal tumor operation (n=1), 
endovascular treatment of internal carotid artery (ICA) stenosis (n=1), suprasellar epidermoid tumor operation (n=1), sphenoid 
sinus tumor surgery (n=1), and speech prosthesis device placement (n=1). The types of vascular injuries diagnosed at the time of 
angiography were; 2 occlusions, 2 stenoses, 2 dissections, 1 carotid cavernous fistula, 8 artery rupture with extravasation, and 
9 pseudoaneurysms. Endovascular management of these vascular injuries were; parent artery occlusion (PAO) (n=15), aneurysm 
occlusion (n=3), covered stent (n=1) and conservative management (n=2). All patients except two were successfully treated. No 
patient had bleeding within a 30-day period after angiography. Long-term follow-up was available in all patients without occurrence 
of re-bleeding. One patient died due to complications related to primary vascular injury.  
CONCluSION: Although iatrogenic vascular injuries are rare, early diagnosis and management may be lifesaving. Endovascular 
techniques are reliable and safe in most of the patients.       
KEywORDS: Endovascular management, Iatrogenic injury, Craniocervical region
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and acute surgical management is generally not possible so 
endovascular management of such injuries is a good option 
with acceptable morbidity and mortality rates. We aimed to 
define the role of endovascular treatment in patients with 
iatrogenic vascular injuries in the craniocervical region. The 
study focused on clinical presentations, imaging findings, 
management and outcomes.
█    mATERIAl and mEThODS
A retrospective review was performed for all patients who un-
derwent endovascular treatment for iatrogenic craniocervical 
vascular complications during the last fifteen-year period. A 
total of 21 patients, who were referred for endovascular treat-
ment of iatrogenic vascular injury, were included in this study. 
In 13 patients, post-operative angiography was performed just 
after controlling the bleeding. The other 8 patients underwent 
elective angiography after a period of time. Angiographic find-
ings were labeled as carotid occlusion, stenosis, pseudoaneu-
rysms, carotid cavernous fistula, and contrast extravasation. 
Patients’ demographic information, their presenting signs 
and symptoms, angiographic findings, type of treatment and 
outcomes were gathered from patient files, angiographic 
images and reports.
█    RESulTS
Patients’ information, their presenting signs and symptoms, 
angiographic findings, type of treatment and outcomes are 
summarized in Table I. There were 9 females and 12 males 
with a mean age of 53.6 years (range 16-87 years). A part 
of these case series was the subject of a previous article 
published by the same center (6).
The iatrogenic vascular injuries were acquired during various 
surgical interventions involving the craniocervical region. The 
most common symptom was intraoperative bleeding (n=12) 
(Figure 1A-E).
The most common endovascular strategy for the treatment 
of vascular injury was parent artery occlusion (PAO) (n=15) 
(Figures 2A-C and 3A-D). Before performing PAO, either 
temporary parent artery occlusion (if possible) or extensive 
assessment of vascular anatomy on sectional 2D or 3D 
computed tomography (CT) or magnetic resonance (MR) 
angiographic examinations were performed to check the 
collateral circulation. Among 15 vascular injuries treated with 
PAO, 8 were located intracranially, while the remaining 7 were 
located extracranially. In 2 of 15 PAO, patients experienced 
neurological worsening due to the procedure; in the first 
patient (patient# 5) we had neurological worsening in spite 
of having enough collateral circulation, while in the second 
patient (patient# 10) we had neurological worsening due to 
defective Willis collateralization. The parent artery could be 
preserved in 4 patients whose vascular injuries were located 
in the intracranial circulation. The remaining 2 patients were 
managed conservatively.  
The follow-up period varied from thirty days to ten years. 
None of the patients re-bled during the follow-up period. One 
patient died of complications related to primary pathology 
after permanent endovascular bleeding control and two 
patients had residual deficits during the follow-up period. The 
other patients had a good outcome.
█    DISCuSSION
This study reviewed iatrogenic vascular injuries in the 
craniocervical region and their endovascular management, 
and clinical outcomes. The initial results were promising with 
high technical and clinical success rates. During the follow-
up period, no complications were seen. To the best of our 
knowledge, we report the largest series of iatrogenic vascular 
injuries in the craniocervical region and its endovascular 
management in literature.
Vascular complications due to diagnostic and therapeutic pro-
cedures are less common but result in serious consequences 
with high morbidity and mortality rates (16,24). Planning and 
prevention is the best treatment for iatrogenic injuries (16). 
Life-threatening perioperative bleeding and stroke are the 
most serious complications. Early diagnosis can reduce pa-
tient morbidity and mortality rates (26). 
Injuries to the carotid artery are especially more common in 
transsphenoidal surgery (TSS). The cavernous segment of the 
internal carotid artery (ICA) is located close to the bony wall of 
the sphenoid sinus and sella turcica where it is vulnerable to 
injury during pituitary surgery. Previous TSS, cavernous sinus 
invasion by the tumor, small sella, tortuosity of the cavernous 
segment of bilateral ICAs and coming into contact centrally 
within the sella (‘kissing carotids’) are predisposing factors for 
cavernous ICA injuries during TSS (2,6). Preoperative imaging 
with CT and MR imaging may decrease complications. The 
occurrence of vascular injury in all cases of TSS is 1.1% 
(6,7). The common manifestations in vascular injury during 
TSS are pseudoaneurysm (PA), subarachnoid hemorrhage 
(SAH) or massive epistaxis. Early diagnosis and treatment 
can reduce complications such as rupture of PA, SAH or 
extradural hemorrhage, stroke and even death. Endovascular 
treatment has become a good option for iatrogenic 
cavernosal ICA lesions recently (9,16,18,20,29). Iatrogenic 
ICA lacerations after TSS include carotid cavernous fistula 
(CCF), PA and thrombosis (4,16). Balloon or coil occlusion 
for CCF is the preferred management option rather than 
open surgery (9,16,18,20,29). PAs are the most dangerous 
vascular complications of TSS and should be treated urgently 
(2,6). PAO can only be performed if there is good collateral 
circulation. However carotid PAO has risks despite a negative 
occlusion test result. One study documented that 5 to 20% of 
patients who tolerate the balloon occlusion test will still have 
ischemic complications after ICA PAO (6,18). All our patients 
with iatrogenic vascular injury after TSS except one were 
treated successfully with PAO. One patient with ICA stenosis 
was managed conservatively and one patient died because of 
the complications related to primary injury. 
In skull-base tumor surgery, there are two risk factors that 
can cause ICA injury. One occurs during drilling and the other 
during dissection of the ICA from a tumor, such as a large 
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occlusion-thrombosis, vasospasm) can occur and can be 
treated with endovascular techniques. Gardner et al.(12) 
performed a retrospective review of all endoscopic endonasal 
operations and found that chondroid neoplasm (chordoma, 
chondrosarcoma) represent a higher risk (incidence 0.3%). In 
this review; the paraclival ICA segment was the most 
commonly injured site, and transclival and transpterygoid ICA 
were also affected sites. Mine et al. (23) pointed out that skull 
sphenoparietal or petroclival meningioma (1,16,19,21,22). 
Papacci et al.(25) focused on co-existence of meningiomas 
with vascular malformations and emphasized that digital 
substraction angiography (DSA) remains a useful tool in giant 
meningiomas, not only to embolize the lesion, but also to treat 
tumor associated with vascular malformation and to achieve 
the full knowledge of vascular anatomy before surgery. In 
skull-base surgery, vascular injuries (such as laceration, 
Figure 1: 50 y/o female patient 
with a clivus tumor that is invading 
the sphenoid and ethmoid sinuses 
as seen in axial pre-contrast CT 
image (A). CTA images show 
PA in the basilar artery (arrow) 
(B,C). DSA image from vertebral 
artery shows PA in basilar artery 
(D). Stent-assisted coiling was 
performed to PA and control DSA 
image shows no contrast filling in 
PA (E). 
A B C
ED
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artery extravasation and was treated with PAO and the other 
(patient# 13) had basilar trunk PA and was treated with stent 
and coiling. 
base tumor surgery related  iatrogenic  vascular  lesions may 
be successfully treated with endovascular techniques.  Two 
patients with vascular injuries due to skull base surgery were 
treated endovascularly. One patient (patient# 12) had vertebral 
Figure 3: 52 y/o male patient with 
post-operative active bleeding 
after skull-base surgery (A). 
DSA from vertebral artery shows 
active contrast extravasation from 
vertebral artery (B). Control DSA 
shows no active bleeding after 
PAO with coiling (C,D). 
Figure 2: 69 y/o male patient who underwent transsphenoidal pituitary surgery had massive epistaxis after surgery (A). In the DSA (B) 
image, a small PA was detected in the cavernous segment of ICA and PAO was performed (C).
A B C
A B
C D
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patients in the literature (10,11,16). A persistent stapedial 
artery can be a cause for bleeding too. As this artery may 
contribute to the brain’s blood supply, an angiographic 
evaluation has been recommended before performing 
occlusion. Endovascular procedures such as stenting or PAO 
(with coiling) are the preferred treatment. 
Limitations of our study include its retrospective design and 
variable patient follow-up. 
█    CONCluSION
Iatrogenic vascular injuries are rare, but can have serious 
complications. Early diagnosis and management is crucial in 
such cases. Endovascular treatment of such cases is a good 
option with low mortality and morbidity rates.  
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